Renal insufficiency is regularly accompanied by an increase of the total catecholamines of the blood. Adrenolytic drugs, which inactivate circulating catecholamines, temporarily improve the abnormal S-T segments and T waves in patients with renal insufficiency but not in hypertensive patients without renal complications. It is suggested that in renal insufficiency, the retained circulating catecholamines damage cardiac metabolism and function. In agreement with previous observations, the behavior of the "left ventricular strain pattern" was relatively independent of the blood pressure level.
ABNORMALLY high concentrations of catecholamines in the blood of patients with advanced renal insufficiency were described by one of us ' in 1944 and were subsequently confirmed by ourselves2 and other workers.' 4Emlet and associates3 reported an increased concentration of epinephrine in the blood in a case of uremia, and Manger and associates,4 who measured epinephrine and norepinephrine by means of fluorometry, found elevated blood levels of these substances in uremic patients, apparently in combination with other similar compounds.* Our calorimetric values, obtained with a modification of Shaw's method,5 represent "total" catecholamines and include catechol compounds with still undefined pharmacodynamic properties beside epinephrine and norepinephrine.
The origin of the excess catecholamines in the blood of uremic patients needs further exploration, but it is probable that they accu- This study w-as aided, in part, by USPHS Grants H-698, H-160, and H-1486 of the National Heart Institute.
Part of this work was (lone during the tenure by Dr. Lepeschkin of an Established Investigatorship of the American Heart Association.
* An increased concentration of epinephrine and norepinephrine in the blood of 5 uremic patients was also recently reported by A. Goldfien, S. Zileli and deW. Goodman (Trans. Endocrine Society, Abstracted, J. Clin. 'nd(lo(riinol. 16: 949, 1956 '' 12 Exposure of the hearts of patients with renal insufficiency to an excess of catecholamines is suggested by the usual electrocardiographic alterations, chiefly in the T waves and S-T segments. Similar changes are elicited by injection of epinephrinel3"-1 and also by experimental bilateral nephrectomy.16 The incidence of electrocardiographic abnormalities was higher in hypertensive patients in whom renal biopsies revealed severe structural lesions than in patients with a minor degree of involvement of the kidneys.17
The intact mammalian heart muscle is distinguished from the skeletal muscle by the avidity with which it absorbs catecholamines from the circulating blood. '8 Accordingly, abnormally high catecholamine concentrations have been observed in the heart muscle of both nephrectomized animals'9 and of patients who had died in uremia." 5 In the latter, this increase seems to concern mainly catechol compounds other than epinephrine and norepinephrine.1 '' 20 (table 1) . With 3 exceptions, all readings, obtained from the blood of "uremic" patients, were higher than the maximum seen in "nonuremic" hypertension.
Blood Pressure. The responses to Regitine of systolic and diastolic blood pressures varied between nil and marked depression in both patient groups, the average being nearly identical (table 2) . The time intervals between injection and maximal response were also about the same in both groups. In 1 instance of malignant hypertension with renal insuffi- fig. 1) . Dibenzy]ine was given to 4 nonuremic patients and to 3 "uremic" patients, again with similar blood pressure reactions in both groups (table 2) .
Electrocardiogram. The electrocardiographic ventricular patterns of the "nonuremic" hypertensive patients remained unchanged after Regitine in 6 cases, and showed an increased S-T and T depression in 10 cases that was coincident with an acceleration of the heart rate (table 3). In no instance was there a clear-cut improvement or return to normal of S-T or T. Slight, ambiguous alterations were seen in 3 cases. The reactions to Dibenzyline (4 cases) resembled those to Regitine.
By contrast, there was only 1 instance of Regitine-induced aggravation of the S-T depression in the "uremic" group. In this patient, the increase of the heart rate was greater than in any of the other cases of this group. Regitine caused a transient positive shift of S-T or T This improvement suggests that excess circulating catecholamines were temporarily prevented from contributing to the sum total of injurious metabolic effects of catecholamine action otI the heart muscle. The nature of these metabolic effects of the catecholamines on the myocardium has recently been reviewed by one of us.22 In some animal experiments,23 Dibenamine and other adrenolytic drugs diminished or suppressed the S-T and T-wave changes that were induced by infusion of catecholamines. An analogous effect occurred with combinations of norepinephrine and Regitine. 24 The relative independence of the electrocardiographic "left ventricular strain pattern" from the blood pressure level (figs. 3 and 4) is in agreement with previous observations."5 [25] [26] [27] Thereby the view is confirmed that the electrocardiographic manifestations of "hypertensive" heart disease, especially the S-T and T changes, are largely due to a catecholamineinduced chemical effect and not merely to the mechanical "strain," imposed by a high blood pressure. Epinephrine is known to decrease the ventricular gradient and to lower or invert the T wave in animals as well as in normal human subjects. 13, 14 Despite the apparent ability of Regitine and Dibenzyline to protect the heart muscle of uremic patients temporarily from the presumably hypoxia-producing effects22 of extra circulating catecholamines, the prolonged administration of Regitine (up to 500 mg./ day by mouth) and Dibenzyline (up to 250 mg./ day by mouth) was therapeutically wholly 
